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Cognitive Outcome Three Months after Carotid
Endarterectomy
E.R. Bossema,1* N. Brand,1 F.L. Moll,2 R.G.A. Ackerstaff3 and L.J.P. van Doornen1Departments of 1Health Psychology, Utrecht University, P.O. Box 80140, 3508 TC Utrecht, 2Vascular
Surgery, University Medical Centre Utrecht, P.O. Box 85500, 3508 GA Utrecht, and 3Clinical
Neurophysiology, St Antonius Hospital, P.O. Box 2500, 3430 EM Nieuwegein, The NetherlandsObjective. To investigate the association between perioperative microembolism and cognitive outcome 3 months after
carotid endarterectomy (CEA).
Design. Prospective study.
Materials and methods. Patients were tested 1 day before and 3 months after surgery with neuropsychological tests
measuring a wide range of cognitive functions. Number of microemboli was monitored with transcranial Doppler
ultrasonography in 58 patients during the operation and in a random subgroup of 27 patients directly following the
procedure.
Results. Forty patients (69%) had intraoperative embolism, varying from 1 to 33 isolated microemboli and/or 1 to 11
embolic showers. Postoperative emboli were present in 22 of the 27 patients (81%), ranging from 1 to 142 isolated
microemboli. More than 10 microemboli (including showers) were detected in 13 patients (22%) intraoperatively and in 6
patients (22%) postoperatively. Twenty-two patients (38%) showed deterioration in three or more cognitive function
variables at 3 months. There were no significant associations between any cognitive change or deterioration score and
presence or number of intraoperative and/or postoperative emboli.
Conclusions. The degree of microembolism during and immediately following CEA is generally small and seems to be of no
significance with respect to postoperative cognitive functioning. Future research should include a larger group of patients to
allow reliable subgroup analysis.Keywords: Microemboli; Carotid endarterectomy; Carotid artery disease; Cognitive function.Introduction
Cognitive difficulties due to intraoperative microem-
boli have been reported following cardiac surgery.1–4
Comparable deficits may be expected after carotid
endarterectomy (CEA). Although this latter operation
is aimed at the prevention of future ischemic attacks,
the risk of minor and major neurological symptoms is
increased during and immediately after the pro-
cedure.5–7 Embolism appears to be the principal
underlying cause.8,9 Microembolisation occurs during
the majority of CEAs and it is associated with
intraoperative and postoperative ischemic symptoms,ing author. E.R. Bossema, Department of Health
trecht University, P.O. Box 80140, 3508 TC Utrecht,
nds.
: e.r.bossema@fss.uu.nl
0262+ 07 $35.00/0 q 2004 Elsevier Ltd. All rights resersuch as transient ischemic attacks and stroke,9–11 as
well as with clinically silent lesions.11,12
In addition to neurological consequences, cognitive
decline has been demonstrated in a proportion of
patients after CEA.13–18 Cerebral emboli were sus-
pected to be responsible for this too.16–19 Only one
study has examined the relation between intraopera-
tive microembolisation and cognitive functioning after
CEA.20 No overall correlation between the total
number of intraoperative emboli and the number of
tests with a cognitive deterioration several days after
the operation was observed, but the occurrence of
more than 10 microemboli during the initial carotid
dissection period was associated with a decrease on at
least one cognitive test.20 The cause of cognitive
decline in the majority of patients remains unclear.
Perhaps microemboli immediately following surgery
played a part in this, since they also predict post-
operative stroke.21,22 However, Gaunt and colleaguesEur J Vasc Endovasc Surg 29, 262–268 (2005)
doi:10.1016/j.ejvs.2004.11.010, available online at http://www.sciencedirect.com onved.
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cognitive performance seems to be rather unstable
shortly after surgery it might be better and clinically
more interesting to measure cognitive functioning
several weeks after the operation.23
The present prospective study investigated the
association between microembolism and cognitive
outcome 3 months after CEA. Degree of embolism
was assessed with transcranial Doppler (TCD) ultra-
sonography during the operation in all patients and
immediately after the operation in a random subgroup
of patients. Cognitive functioning was measured
extensively before and after surgery with neuropsy-
chological tests.Materials and Methods
Fifty-eight patients underwent CEA in the St Antonius
Hospital in Nieuwegein, The Netherlands. Mean age
was 65.8G7.2 years and 48 of them were males. About
half (48%) had at least middle education (secondary
school or middle professional training). Thirty-nine
patients had recently suffered one or more ischemic
episodes: 18 had amaurosis fugax, 18 had hemispheric
transient ischemic attacks, and three had minor stroke.
Those with a history of major stroke were excluded to
reduce the heterogeneity of the sample. The degree of
carotid artery stenosis was assessed with duplex
ultrasonography. All patients had severe stenosis
(70% or more) on the side scheduled for CEA.
Contralateral occlusion was found in five patients,
whereas the stenosis of the contralateral artery in the
remaining patients varied from less than 70% to
subtotal (99%). Twelve patients previously had under-
gone ipsilateral or contralateral CEA.
Patients were examined in the hospital 1 day before
and about 3 months after CEA. At the start of the
preoperative session, they were asked about their level
of education, tobacco and alcohol use, and psychiatric
and medical history. The medical questions concerned
previous myocardial infarction or coronary artery
surgery and presence of other vascular risk factors,
such as current cigarette smoking, hypertension,
hypercholesterolaemia, diabetes mellitus, and heart
disease. Additional medical information was obtained
from the medical records. It appeared that 22 patients
were current smokers or had quit smoking in the year
before surgery, 39 patients had hypertension, 30 had
hypercholesterolaemia, 10 had diabetes mellitus, and
28 had a history of heart disease.
The ethics committee of the hospital approved the
study protocol and written informed consent was
obtained from all subjects.Carotid endarterectomy
All patients underwent CEA under general anaesthe-
sia using nitrous oxide and halothane or isoflurane.
CEA was performed in a standardised way by an
experienced vascular surgeon or by a specialist
vascular trainee under supervision. Before cross-
clamping, an intravenous injection of heparin
(5000 IU) was administered. A Javid shunt was
selectively used in nine patients on the basis of
electroencephalogram and TCD criteria.24 All patients
were given a standardised preoperative antiplatelet
treatment of 100 mg Aspirin daily, which was con-
tinued postoperatively.TCD monitoring
Continuous TCD monitoring was performed using a
2 MHz TCD ultrasound probe (EME/Nicolet, Pioneer
4040, Madison, USA). The sample volume of the
pulsed Doppler system was located at a depth of 45–
55 mm with the probe positioned on the temporal
bone to insonate the main stem of the middle cerebral
artery. The probe was fixed in place with a head strap.
An experienced sonographer on-line observed the
Doppler spectra, and the audio Doppler signal was
made audible during the entire operation.
Isolated microemboli were identified according to
the criteria of the Consensus Committee of the Ninth
International Cerebral Hemodynamic Symposium.25
Because embolic signals that occur in so-called
‘showers’ could not be counted individually, the
number of heartbeats with showers of microemboli
was counted in these cases (one such a shower was
considered to be 10 microemboli for statistical pur-
poses). A macroembolus was defined as an embolus
that partially or completely obstructed the main stem
of the middle cerebral artery for a period of several
seconds or minutes. The TCD emboli variables were
analysed during (1) dissection (skin preparation to
carotid clamping), (2) clamping or shunting, (3) clamp
release (the first 10 s at restoration of flow through the
carotid arteries), and (4) wound closure (termination
of manipulation to the end of the operation). Post-
operative monitoring outside the operating room
restarted about half an hour after wound closure and
was continued for 1 h, divided in 15 min sections for
analysis.Cognitive testing
Cognitive functions were measured with neuropsy-
chological tests. Tests were administered byEur J Vasc Endovasc Surg Vol 29, March 2005
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trained to conduct and score the tests, under super-
vision of an experienced neuropsychologist. Tests took
about 1 h to be completed. A wide range of cognitive
functions was evaluated, including attention, working
memory, verbal and visual memory, language, execu-
tive function and psychomotor speed, and manual
dexterity. In total 18 variables from the following tests
were included: Digit Span forward and backward,26
Dichotic Listening Test—total score,27 visually pre-
sented Word Learning Test—immediate recall,
delayed recall, and recognition,28 Doors Test A and
B,29 Verbal Fluency letters and categories,26 Trail
Making Test A and B,26 Motor Planning Test compa-
tible and incompatible condition—initiation and
movement times,30 and Finger Tapping Test dominant
and nondominant hand.26Data analysis
Relations between cognitive change or deterioration
scores and the number of emboli during and/or
immediately after CEA were examined by means of
nonparametric Spearman rank correlations. The cog-
nitive change score is the difference between the
preoperative and postoperative score on a test variable
(with positive change scores indicating improvement
and negative scores indicating decline). The deterio-
ration score reflects the number of tests with a decline
on the postoperative score of more than 1 SD from the
preoperative score. An overall cognitive change score
was calculated by summing the standardised change
scores on each variable and dividing this score by the
number of variables. Mann–Whitney U tests were
applied to examine cognitive differences (on the
individual test change scores, overall change score,
or deterioration score) between patients with and
without intraoperative and/or immediately post-
operative emboli. The association between cognitive
deterioration on at least three tests (dichotomousTable 1. Prevalence and frequency (median and range) of perioperat
Prevalence
Intraoperatively (nZ58)
Dissection 10 patients (17%)
Clamping or shunting 8 patients (14%)
Clamp release 31 patients (53%)
Wound closure 12 patients (21%)
Total 40 patients (69%)
Postoperatively (nZ27)
First 15 min 17 patients (63%)
Second 15 min 16 patients (59%)
Third 15 min 14 patients (52%)
Fourth 15 min 12 patients (44%)
Total 22 patients (81%)
Eur J Vasc Endovasc Surg Vol 29, March 2005variable) and intraoperative and/or postoperative
embolism was tested in a 2!2 frequency table with
Pearson Chi-square or Fisher’s exact test. The statisti-
cal significance level was set at p!0.01 to correct for
multiple testing, but at p!0.05 if the overall cognitive
change or the deterioration score were analysed.ResultsIntraoperative microembolism
All patients (nZ58) were successfully monitored
during CEA. Forty of them (69%) had intraoperative
embolism (Table 1): 1–33 isolated microemboli were
detected in 37 patients (64%) and 1–11 embolic
showers in 8 patients (14%). If a shower was
considered to be 10 microemboli, the median number
of emboli (in the patients with intraoperative embo-
lism) across all operative phases was 7.0. No macro-
emboli were detected. The 11 embolic showers that
were observed in one person all occurred during the
dissection period. The seven remaining patients with
showers of emboli had 3–4 showers or less. More than
10 emboli (including showers) were observed in 13
patients (22%). Embolism most often occurred after
clamp release, when the cerebral blood flow was
restored (Table 1).Postoperative microembolism
Immediate postoperative monitoring was successfully
performed in a random subgroup of 27 patients.
Twenty-two of them (81%) showed embolism, varying
from 1 to 142 isolated microemboli (median: 4.5)
(Table 1). There were no macroemboli or embolic
showers. More than 10 emboli were observed in six
patients (22%), including one patient with a striking
total amount of 142 emboli.ive microemboli
Median Range
2.5 emboli 1 isolated–11 showers
5.5 emboli 2 isolated–3 showers
5.0 emboli 1 isolated–3 a` 4 showers
3.5 emboli 1 isolated–1 shower
7.0 emboli 1 isolated–11 showers
2.0 emboli 1–46 isolated
2.0 emboli 1–37 isolated
2.0 emboli 1–39 isolated
2.5 emboli 1–21 isolated
4.5 emboli 1–142 isolated
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One patient had an episode of amaurosis fugax in the
evening before surgery, which was after the preopera-
tive cognitive assessment. In this person, 7 intraopera-
tive (all after clamp release) and 7 postoperative
microemboli were detected. One patient showed
contralateral hemiparesis immediately after surgery;
symptoms were similar to the minor stroke he suffered
several months preoperatively. He had one intrao-
perative embolus (after clamp release) and no post-
operative monitoring was performed.Cognitive changes
Twenty-two patients (38%) showed cognitive deterio-
ration (more than 1 SD) on at least three test variables
(Table 2). The person with amaurosis fugax on the
evening before surgery deteriorated on four tests, and
the person with hemiparesis after surgery on two tests.
The patients with 11 intraoperative showers in the
dissection period and the one with severe post-
operative embolisation showed deterioration in one
and six variables, respectively.
Spearman’s correlations coefficients between the
number of intraoperative and/or postoperative
emboli and the cognitive change variables are tabu-
lated in Table 3. We only reported the range of values
on the individual cognitive test parameters. Negative
values point toward a relation between the number of
emboli and cognitive change in the direction of a
decline. None of the coefficients were significant
according to the predefined level of significance (p!
0.01 for the individual test parameters, and p!0.05 for
the overall change and deterioration score).
The overall cognitive change score (mean and SD)
and the deterioration score in patients with and
without intraoperative and/or postoperative micro-
emboli is given in Table 4. Mann–Whitney U tests
showed no significant differences between the sub-
groups on these scores (all pO0.05) or on the
individual test change scores (not listed, all pO0.01).
Pearson Chi-square and Fisher’s exact tests demon-
strated no significant differences either, when theTable 2. Number (and %) of patients with cognitive deterioration
Deterioration
On 0 test variables 8 (13.8%)
On 1 test variable 10 (17.2%)
On 2 test variables 18 (31.0%)
On 3 test variables 8 (13.8%)
On 4 test variables 8 (13.8%)
On 5 or more test variables 6 (10.3%)patient group was subdivided on the basis of their
deterioration score (i.e. less than 3 versus equal or
more than 3): all six p values were larger than 0.05.Discussion
Although postoperative emboli were taken into
account in the present study as well, no evidence
was found for an association between embolic load
and cognitive outcome 3 months after CEA.
It appears that the degree of embolism during CEA
was too small to cause cognitive problems. Though
emboli were detected in the large majority of patients,
the total number in each patient was generally low.
Other studies also reported a relatively low embolic
burden during this operation.9,20,31–33 Perhaps only a
high rate of embolism incurs cognitive deficits.
Crawley and colleagues compared patients who
underwent CEA with those who had carotid percuta-
neous transluminal angioplasty (PTA).32 The latter
procedure (with or without stent placement) is
characterised by an increased risk of intraoperative
embolism.32–34 A decline in neuropsychological per-
formance was shown in both patient groups 6 weeks
after surgery, but no differences in cognitive function-
ing between the two groups were found, despite a
significantly higher incidence of microembolic signals
during PTA (on average 178 during PTA compared to
10 during CEA).32 These numbers still contrast with
those observed in coronary artery bypass grafting
(CABG) using cardiopulmonary bypass (CPB), for
example, where up to thousands of emboli can be
detected. Under these circumstances, a clear associ-
ation between cognitive impairment and embolic load
has been observed.1–4 Recent developments in cardiac
surgery, such as the use of specific arterial line filters in
the bypass circuit and CABG without CPB (off-pump)
have led to a decrease in the amount of emboli during
the operation and smaller negative effects on cognitive
functioning.1,2,35,36
It has been suggested that not only the number but
also the nature of emboli might be relevant in the
prediction of cognitive change after surgery. Micro-
emboli consisting of air, for example, may have less
harmful effects on surgical outcome than solid emboli.
Although the distinction between these types of
emboli is still a subject of investigation,37 the consti-
tution of emboli may be deduced from the phase in
which they occur: solid emboli may be more frequent
during dissection, wound closure, and the first hour
after surgery, whereas air emboli may arise particu-
larly during shunting and at clamp release.10,20,38 Not
surprisingly in this context is that the occurrence of aEur J Vasc Endovasc Surg Vol 29, March 2005
Table 3. Spearman correlation coefficients between cognitive change scores and the number of intraoperative and/or postoperative
emboli
Test change scores Overall change score Deterioration score
Intraoperative emboli (nZ58) K0.16 to 0.31 0.05 K0.02
Postoperative emboli (nZ27) K0.30 to 0.26 0.01 0.13
Intra- and postoperative emboli (nZ27) K0.36 to 0.33 K0.20 K0.08
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dissection phase of CEA has been related to intra-
operative and postoperative ischemic cerebral symp-
toms and clinically silent lesions39 as well as to
cognitive deterioration.20
The fact that the nature of emboli perhaps deter-
mines surgical outcome may explain why an overall
correlation between the total embolic count (including
both air and solid emboli) and the degree of cognitive
change was low in the present study and in two earlier
studies.20,32 Although we observed more than 10
emboli in about a quarter of the patients, only one
had a substantial number of embolic showers during
dissection of the carotid artery. This patient differed
significantly from the other patients on only one
cognitive change variable (data not shown). No other
patients had severe intraoperative embolism and
therefore it was not possible in our study to relate
cognitive functioning to emboli occurring in specific
operative stages. One patient had a relatively high
embolic burden immediately after surgery. This
patient showed cognitive deterioration on a relatively
high number of test variables. However, based on this
single finding no general conclusion can be drawn
regarding the possible harmful effect of postoperative
embolism on cognition.
Besides the number and nature of emboli, also theTable 4. Mean (SD) overall cognitive change scores and deterio-
ration scores in patients grouped by absence or presence of
microembolism, or grouped by the number of emboli (at most 10
emboli versus more than 10 emboli)
Overall change
score
Deterioration
score
Intraoperative embolism (nZ58)
Absent (nZ40) K0.13 (0.31) 2.43 (1.99)
Present (nZ18) 0.05 (0.26) 2.41 (1.68)
At most 10 emboli (nZ45) K0.03 (0.29) 2.53 (1.67)
More than 10 emboli (nZ13) 0.09 (0.24) 2.04 (1.96)
Postoperative embolism (nZ27)
Absent (nZ5) K0.20 (0.35) 2.48 (2.79)
Present (nZ22) 0.02 (0.33) 2.66 (1.63)
At most 10 emboli (nZ21) K0.08 (0.30) 2.64 (1.81)
More than 10 emboli (nZ6) 0.16 (0.41) 2.58 (2.10)
Intra- and postoperative embolism (nZ27)
Absent (nZ3) K0.43 (0.18) 3.47 (3.45)
Present (nZ24) 0.03 (0.32) 2.52 (1.63)
At most 10 emboli (nZ12) K0.10 (0.30) 2.86 (1.91)
More than 10 emboli (nZ15) 0.04 (0.36) 2.44 (1.81)
Eur J Vasc Endovasc Surg Vol 29, March 2005size of the embolus as well as the location where it
ends up seems to be of importance for neurological11
and perhaps neuropsychological outcome. Unfortu-
nately, we had no information on these matters.
We measured cognitive functioning after a follow-
up period of 3 months, whereas studies focusing on
the neuropsychological effects of embolism during
coronary artery surgery often performed the post-
operative assessment after a couple of days. Long-term
harmful influences on cognition in these procedures
were found less frequently, although an effect of
intraoperative embolism on cognitive functioning
5 years after cardiac surgery has been reported
recently.40 The postoperative time interval in most
studies that noted a cognitive decline following CEA
was also several days to weeks at most.13,14,16,18,41,42
No decline (but rather improvement) was reported in
research evaluating cognitive performance after a
period from several weeks up to years after CEA.43,44
The Consensus Statement on assessment of neuro-
behavioral outcomes after cardiac surgery even stated
that an assessment should be performed at least
several weeks after surgery when performance is
more stable.23 The original design of our study
included an assessment at the day of discharge from
the hospital, most often the third day after surgery.
However, our patients found this to be very uncom-
fortable and fatiguing. Since we felt that the cognitive
achievements were likely to be influenced by this
discomfort, we abandoned this measurement.
The small number of patients in our study did not
allow reliable subgroup analyses, for example com-
parison of the effects in patients with and without a
symptomatic history, or classified on the basis of other
specific disease characteristics, such as the degree of
ipsilateral or contralateral stenosis or occlusion. Future
research in this field thus will have added value
specifically if a large group of patients is tested at
various postoperative times and if patients are
monitored both during and immediately following
CEA.
To summarise, this study was aimed at revealing a
relation betweenmicroembolism and cognitive change
after CEA. The findings showed that the extent of
embolism as occurring during or after CEA seems to
be of no significance with respect to cognitive outcome
Microembolism and Cognitive Functioning After CEA 2673 months after surgery. However, more research with a
larger sample is necessary to confirm this conclusion.References
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